It is important to document patterns of prescription drug use to inform both clinical practice and research.
the information about prescription use is derived from pharmacy databases or expenditure data, 1, 3, 4 neither of which directly captures use at the population level. Although several studies have sought to assess prescription drug use on the population level, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] these studies are either outdated, narrow in scope, or limited to certain populations such as older individuals or those with a given clinical indication. An updated comprehensive assessment of prescription drug use is important given that practice patterns are continually evolving to reflect the changing health needs of the population, advances in treatment, new clinical guidelines, the entrance or exit of drugs from the market, and shifts in policies regarding drug marketing and promotion. Because of this dynamic climate, it is important to document patterns of prescription drug use to inform both clinical practice and research, while also identifying population subgroups with the potential for underuse, misuse, and polypharmacy.
Nationally representative data from the National Health and Nutrition Examination Survey (NHANES) were used to estimate the prevalence of prescription drug use from 1999-2000 to 2011-2012.
Methods

Data Source and Study Population
NHANES is a nationally representative cross-sectional survey of civilian noninstitutionalized persons living in the United States. 16 Analyses for our study are based on data collected from persons aged 20 years and older during the 7 most recent cycles. The selection of cycles was determined by data availability: 1999-2000 represents the first year of continuous NHANES, and 2011-2012 is the most recent cycle for which data are available. As a stratified, complex, multistage, probability-based survey, NHANES oversamples older adults, low-income individuals, and certain racial/ethnic groups; participants were assigned weights to account for their unequal sampling probability and nonresponse. All participants provided written informed consent, and data are publicly available. 17 This study was deemed exempt from human subjects approval by the Harvard T. H. Chan School of Public Health institutional review board.
Assessment of Prescription Drug Use
Information about prescription drug use was collected during a household interview. Participants were asked if they had taken prescription drugs over the prior 30 days. Those who responded "yes" were asked to show the containers of all products; when unavailable, participants were asked to report the medication name. For each drug reported, the interviewer entered the information into a laptop computer, and the drug was linked to a prescription drug database (Lexicon Plus) that includes all prescription drugs available. This database was updated at the beginning of each survey year to include new products.
Most drug categories are classified as defined by the National Center for Health Statistics (NCHS). Some additional definitions were generated, including antihypertensives, noncontraceptive hormones, antibiotics (including oral antibiotic-containing medications and antibiotic-containing dermatologic, ophthalmic, and respiratory medications), and oral antibiotics. Subclasses of drugs within a given drug class are not presented if used by too few individuals to provide reliable estimates on the prevalence of use. Medications defined as combination drugs are included within both combinations as well as their component drug categories to allow for tracking of both combination drugs and specific drug classes. For example, combination drugs containing adrenergic bronchodilators are classified as adrenergic bronchodilators and also as bronchodilator combinations to allow for simple quantification of trends in the use of medications containing adrenergic bronchodilators and also of combination therapies.
Statistical Analysis
The prevalence of use within each 2-year NHANES cycle was estimated for any prescription drug use and use by drug class. Polypharmacy was defined as use of at least 5 drugs, which indicates a threshold commonly used in the literature. 18 Additional results are presented for the most commonly used individual drugs in 2011-2012. Survey-weighted logistic regression was used to calculate a P value for trend across survey cycles. Statistical significance of trends was assessed at the 2-sided α=.05 level. In the results presentation, data reported as an increase refers to a P value for trend of less than .05 and a ratio greater than 1, a decrease refers to a P value for trend of less than .05 and ratio of less than 1, and stable refers to a P value for trend of .05 or greater. We have also presented the difference in prevalence in 2011-2012 vs 1999-2000, although these data, in some cases, may not represent the most extreme difference in use across years Because changes in the age distribution of the population may account for observed trends in prescription drug use, secondary age-adjusted analyses were conducted using standardization based on the US 2000 Standard Population (eTable 1 in the Supplement).
Given potential for heterogeneity by population subgroups, results were stratified by age (20-39 years, 40-64 years, and ≥65 years), sex, and race/ethnicity (non-Hispanic white, non-Hispanic black, and Mexican American). Data for other race/ethnicity groups were not included in the stratified analyses due to insufficient sample sizes to reliably estimate the prevalence of use. Results are presented for Mexican Americans rather than overall Hispanics because of temporal changes in data collection among Hispanics. 19 Additional analyses evaluated race/ethnicity-stratified estimates with adjustment for age (previously described) and with further adjustment for insurance coverage. In analyses adjusted for both age and insurance, standardization was implemented using the age and insurance distribution of the 1999-2000 NHANES cycle. Given the large number of drug classes analyzed, results for a given overarching drug class are discussed if they meet any of the following criteria: (1) a greater than 10% prevalence of use in any cycle; (2) prevalence of use greater than 5% with at least a 1.5-fold change; or (3) prevalence of use greater than 2.5% with at least a 2-fold change in use. This approach was selected to focus on commonly used drugs and on modestly used drugs with notable trends. For drugs meeting the previously described criteria, we have calculated an average annual percentage change using Joinpoint Statistical Software (version 4.2.0.2), which uses a permutation test to identify points of inflection (providing an annual percentage change (APC) before and after the point of inflection [eTable 2 in the Supplement]). 20, 21 All analyses account for complex survey design and poststratification weighting using Stata version 13.1.
Results
In these NHANES cycles, the response rate for adults aged 20 years and older was 73.6%, 22 and 84% of medication containers were seen by interviewers. After excluding 65 individuals who did not have data on prescription drug use, the final sample size was 37 959; the sample size for individual NHANES cycles ranged from 4861 to 6212. Table 1 shows the estimated percentage of US adults reporting use of any prescription medication in 2011-2012 and also of those reporting use of 5 or more prescription medications both overall and by population characteristics. Fifty- and Table 1 ). The increase in any prescription drug use and polypharmacy remained statistically significant in age-adjusted models (eTable 1 in the Supplement). Among the 18 drug classes used by more than 2.5% of the population, the prevalence of use increased in 11 drug classes ( Table 2 ). All subsequent ranges present prevalence of use in 1999-2000 vs 2011-2012 unless specified as otherwise. Use of antihypertensives increased (20%-27%), with increases observed in most drug classes (Table 2) . Antihyperlipidemics use increased, a trend largely driven by statins (6.9%-17%). Use of statins increased markedly prior to [2005] [2006] (APC = 12%, after which the APC was 4.0%; eTable 2 in the 17 (15) (16) (17) (18) (19) 12 (10-13)
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. Use of sex hormones among women decreased from 19% to 11%, which was a change primarily driven by a decline in use of noncontraceptive hormones (12.0%-4.0%, a drug class composed largely of menopausal hormone therapy). Use of antidiabetic agents increased from 4.6% to 8.2%, specifically, increases were observed for biguanides, insulin, and sulfonylureas. Although use of thiazolidinediones remained unchanged overall, a significant inflection point was observed An increase was reported in the use of prescription protonpump inhibitors (PPIs) (3.9%-7.8%) and also the use of anticonvulsants (2.3%-5.5%). Notably, the use of anticonvulsants increased most in the early years with an APC of 16% ob- Table 3 .
Prescription drug use increased significantly among persons aged 40 to 64 years (57%-65%) and also among those aged 65 years and older (84%-90%) ( Table 4) , but not among adults aged 20 to 39 years (32%-35%) (Figure 1, panel B) . For specific drug classes, trends were generally similar by age and sex with some exceptions (eg, use of prescription analgesics did not change among adults aged 40-64 years [13%-14%], but use significantly decreased among adults aged ≥65 years [18%-14%]; use of muscle relaxants increased significantly among women [1.2%-3.3%], but did not increase significantly among men [1.3%-1.7%]) ( Table 4 and Table 5 ; eTables 3 and 4 in the Supplement).
Although significant increases in the percentage of persons using 5 or more prescriptions were observed in all racial/ ethnic groups (eTable 5 in the Supplement), an overall increase in prescription drug use was evident among individuals who were non-Hispanic white (55%-66%) and non-Hispanic black (43%-52%), but not Mexican American (30%-33%). This pattern remained unchanged with age adjustment, and the prevalence of use among individuals who were Mexican American remained markedly lower than among that of those who were non-Hispanic white (although the difference was attenuated somewhat; eTable 6 in the Supplement). Further sensitivity analyses revealed that this difference in any prescription use was not entirely attributable to adjustment for insurance status, although race/ethnicity-specific differences in polypharmacy were attenuated (eTable 6 and eTable 7 in the Supplement).
The most commonly used individual drug in 2011-2012 was simvastatin (7.9%), increasing from 2.0% in 1999-2000 (eTable 8 in the Supplement and Figure 2) . The remaining top 10 drugs included lisinopril, levothyroxine, metoprolol, metformin, hydrochlorothiazide, omeprazole, amlodipine, atorvastatin, and albuterol; all of the top 10 most commonly used drugs increased over the study period except atorvastatin.
Discussion
Overall, prescription drug use increased among US adults between 1999-2000 and 2011-2012, as reflected by an increase in any prescription drug use and a marked increase in polypharmacy. Specifically, the prevalence of prescription drug use increased from 51% in 1999-2000 to 59% in 2011-2012, while the prevalence of polypharmacy increased from 8.2% to 15%. The increase in prescription drug use was observed for the majority of but not all drug classes.
Use of antihypertensive drugs increased over the study period, with a marked increase observed for several antihypertensives, including thiazide diuretics. The increase in use of thiazide diuretics is notable, given the recommendations for their use as first-line agents by the 2003 JNC 7 (Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure). 24 However, in trend analyses accounting for potential inflection points the APC was highest before 2003-2004, suggesting that the increase in thiazide diuretics use preceded rather than resulted from the 2003 recommendations. In 2014, the JNC 8 guidelines relaxed recommendations for drug initiation and expanded the options for first-line drug therapy, which may further influence the landscape of antihypertensive use. 25 Use of antihyperlipidemics increased markedly, driven primarily by an increase in use of statins, for which the greatest increase was observed prior to [2005] [2006] . Although use of both simvastatin and atrovastatin increased early in the study period, use of atorvastatin started to decline after [2005] [2006] . This pattern likely reflects the fact that simvastatin came off patent in 2006 while atorvastatin remained patent protected, and therefore more costly, until 2011. Notably, this study preceded the release of the 2013 American College of Cardiology/American Heart Association recommendations, which expanded guidelines for statin use. 26 The increase in use of antidepressant drugs may, in part, reflect shifting attitudes regarding depression. 27 Use of SSRIs .03 5.7 (0.7 to 11) Overall, trends in analgesic use were stable; however, there was marked heterogeneity by class. Use of COX-2 inhibitors decreased, likely a result of rofecoxib being taken off the market in 2004. 29 As the prevalence of diabetes increased, 32 use of antidiabetic drugs also increased, driven by a sharp rise in use of insulin and biguanides. Accordingly, metformin, considered a first-line agent in the treatment of diabetes, 33 is now the fifth most commonly used drug. Use of thiazolidinediones decreased in recent years, likely owing to concern regarding the link between rosiglitazone and risk of cardiovascular events.
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Despite certain proton-pump inhibitors becoming available over the counter (OTC), use of prescription protonpump inhibitors increased, a trend which would be likely even more marked if we were able to account for OTC use. The increase in prescription proton-pump inhibitors may, in part, reflect the availability of more affordable varied options for proton-pump inhibitors following the loss of patent protection for omeprazole in 2001 and subsequent market entry of esomeprazole. It remains unclear how use of prescription protonpump inhibitors will be affected long term by increasing availability of OTC proton-pump inhibitors.
Use of anticonvulsant drugs increased over the study period. Several anticonvulsants are cross-classified in other drug classes (eg, benzodiazepines), and it is likely that these alternative indications are in part driving the observed increase in use. is particularly relevant to bronchodilator combinations such as the popular combination drug Advair, which was ranked as one of the top drugs in terms of DCTA in 2010. 36 Even so, a recent study found little evidence of association between DCTA and Advair prescriptions, and it therefore seems unlikely that DCTA alone is responsible.
37
Use of muscle relaxants increased over the study period. Although the reasons underlying this increase are unclear, there has been discussion about the potential for misuse or abuse of carisoprodol, one of the more commonly used muscle relaxants. In 2011, the Drug Abuse Warning Network released a report showing an increase in emergency department visits associated with carisoprodol between 2004 and 2009, 38 and in 2012, the Drug Enforcement Administration classified this drug as a controlled substance. Notably, however, in our data, the sharpest increase in prevalence of use of muscle relaxants was observed before 2003-2004, with no significant change observed thereafter. The increases in any prescription drug use and polypharmacy are not explained by changes in the age distribution of the population. An alternative explanation for the observed increase in prescription drug use might be large-scale policy changes, including the implementation of Medicare Part D. However, the increase in prescription drug use was not observed only among adults aged 65 years and older but also among adults aged 40 to 64 years. Furthermore, Medicare Part D went into effect in 2006, and for many of the drug classes discussed, the sharpest increase occurred before 2006.
It is unclear if this pattern, with the sharpest increases observed early in the study period, reflects a saturation of the market, the peak of DCTA in the mid-2000s, 36 or lagged effects resulting from the increase in obesity in the population. Eight of the 10 most commonly used drugs in 2011-2012 are used to treat components of the cardiometabolic syndrome, including hypertension, diabetes, and dyslipidemia. Another is a proton-pump inhibitor used for gastroesophageal reflux, a condition more prevalent among individuals who are overweight or obese. 39 Thus, the increase in use of some agents may reflect the growing need for treatment of complications associated with the increase in overweight and obesity. For most drugs and drug classes, trends were generally comparable across age, sex, and race/ethnicity. One major difference was that any prescription drug use was substantially lower for Mexican American than for non-Hispanic white individuals. Because the Mexican American population is younger than the non-Hispanic white population, 40 we conducted age-adjusted analyses and found that a marked difference between groups persisted, although the difference attenuated somewhat. Further adjustment for insurance status did not entirely account for the difference in any prescription use, although it is possible that prescription drug coverage may better account for the observed pattern. An alternative explanation may be the Hispanic paradox, which is that despite lower socioeconomic status, individuals of Hispanic descent have better-than-expected health status, which would likely result in less use of prescription medications. 41 The reasons underlying these differences are likely multifactorial, meriting further investigation. We have provided a comprehensive picture of prescription drug use in the US adult population using nationally representative data. Prescription drug use was assessed via in-home interviews in which containers were seen for 84% of drugs, giving confidence to participants' self-reported use. Further, NHANES has a high response rate, reducing concern about bias. Even so, this study has several limitations. First, recall of intermittently used drugs may be more prone to measurement error than drugs used daily. Second, we are unable to capture OTC drug use, and some trends, such as the decrease in antihistamines use, reflect the availability of certain drugs becoming available OTC. Third, this survey was conducted among noninstitutionalized adults; thus, results do not capture use among adults living in nursing homes and should only be generalized to the community-dwelling US adult population. Additionally, certain drugs may be in more than one class and some drugs may be taken for off-label use, and therefore, the classifications of drugs do not perfectly align with reasons for use.
Conclusions
In this nationally representative survey, significant increases in overall prescription drug use and polypharmacy were observed. These increases persisted even after accounting for changes in the age distribution of the population. The prevalence of prescription drug use increased in the majority of but not all drug classes.
